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We give a brief overview of a new alternative intense positron sources based on the 1.7 MeV tandem accelerator for atomic and molecular
studies.

Keywords:Positron scattering.

Damos una breve descripción de las nuevas fuentes intensas alternativas de positrones basadas en el acelerador tándem de MeV 1.7 para
estudios at́omicos y moleculares.

Descriptores:Dispersíon de positrones.

PACS: 34.85.+x

1. Introduction and motivation

The interest for detailed inspection of low and intermediate
energy positron atom and positron molecule interactions has
pursuit the development of intense positron beams. Some
techniques are discussed as alternatives to the use of cur-
rently available positron sources. For instance, Stein, Kaup-
pila, and Roellig [1] described a technique to produce intense
positron source by making use of the 11B(p,n)11C reaction
using a 5.0 MeV proton beam from a Van der Graaff ac-
celerator. Guardala, Farrel, and Dudnikov [2] formulated a
method of producing an intense source of positrons that uses
the internal pair production decay of the first excited state
of O16. Usual positron beam apparatus requires strong iso-
tope sources [3-7]. One of the most used isotope is the22Na,
because it is easy to handle and has a relatively long life
(2.6 y). However, it presents some disadvantages such as,
possible leaking problems and high cost, which are not suited
developing countries. Interaction of positron with atoms
and molecules has important applications in many fields.
For example, in positron emission therapy (PET) a short-
lived radioactive tracer isotope which decays by emitting a
positron, is chemically incorporated into a metabolically ac-
tive molecule, by injecting it into the living subject (usually
into blood circulation). Before being annihilated by an elec-
tron, the positron travels up to a few millimeters producing
ionization of the medium. These ionizations, if enough oc-
cur, can be very destructive to living tissue, and can cause
DNA damage and mutations. The destruction of molecules
in astrophysical regions such as comets and hot molecular

cores by ionizing radiation such as positrons have deep in-
fluence in changing the inventory of the atmospheric con-
stituents through gas-phase chemistry that occurs after frag-
mentation.

2. The positron beam project

The use of accelerator based positron sources possesses many
advantages over more conventional sources, such as absence
of intense radiation fields near the controlling area, no pro-
duction of radioactive materials, and cost. We now describe
the plans of an alternative positron source based on a 1.7 MeV
Tandem accelerator. This technique uses the internal pair
production decay of the 6.05 MeV, O+ first excited state of
O16. This method was first suggested by Guardala, Farrel
and Dudnikov [2]. It is based on the nuclear pair produc-
tion, in which the excited nucleus decays by direct emission
of an electron and positron pair. The accelerator is provided
with a negative-ion source (SNICS), based on the sputtering
of material from a sample containing the element of interest.
The low-energy H− (up to 45 keV) ions produced in the ion
source are accelerated up to the high-voltage potential at the
center of the accelerator. In collisions within a gas stripper
part of the beam is ionized. The H+ beam crosses the sec-
ond tandem stage with additional acceleration. The 2.0 MeV
p+ beam is used to bombard the19F target, which may be a
compound such as SF6 in solid or liquid state [8]. The ac-
celerator can produce a proton beam current up to some tens
of A with about 2-3 mm2. Using a SF6 target, which yields
5.2× 10−7 positrons per 2.0 MeV proton [2], resulting in
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≈ 107 unmoderated positrons per second for a proton beam
of few A. Assuming 0.1-0.01 moderation efficiency, the num-
ber of low energy moderated positrons ranges between 103-
104 Hz. In the internal nuclear conversion, the decay en-
ergy is shared equally between the electron and positron due
to their equivalent masses. The most probable energy of the
positron is 2.5 MeV, with a broad distribution due to the con-
servation of energy and momentum. By biasing the target
at a positive potential, the high-energy positrons are moder-
ated by a W mesh. An electrostatic lens system is used to
extract and focus the low energy positrons from the fluorine
target into a beam. The advantage of this source is the ab-
sence of intense background radiation due to bremsstrahlung
as observed in high energy electrons induced sources. It also
simulates long life sources like22Na for continuous the pro-
ton bombardment. Another advantage of this source is the
fact that it can be turned off in the sense that after the proton
beam is turned off, the source activity drops significantly.

FIGURE 1. Schematic view of the apparatus. SNICS stands for
Source of Negative Ions by Cs Sputtering.
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